. A fiber optics based sensing network applicable for fault detection in power system is presented. The proposed scheme is secure and immune from interferences. At each monitoring location, passive rugged fiber-Bragg-gratingbased sensors are deployed. They use fast and compact magnetostrictive transducers instead of current or potential transformers to translate current induced magnetic field into optical signal. These sensors can be compensated for temperature drift and easily be integrated into an optical sensing network. A broadband light source at a substation scans the change in reflected optical power at a unique frequency band that corresponds to the surge in magnetic field associated with an increased fault current at a certain location. A unique feature of this real-time scheme is that it only requires current information for fault detections in both radial and networked systems with various pole structures and line configurations. It can easily coordinate with other protective devices and is free from any time-current coordination curves. The proposed scheme has been extensively tested by simulations. They confirm that the proposed scheme is able to detect the faults irrespective of the type and location. It also performs well in presence of harmonics, high impedance, and sensors malfunctions, as well as sensor noise. PLC/SCADA technology is associated to each sensor allowing the high impedance fault occurrence information to reach the protection equipment located closer to or at the substation
INTRODUCTION
High Impedance faults characteristically show very low currents, which often are not detectable by conventional over current protection devices. In the conventional system a sequence of relays and circuit breakers are deployed along power systems. When a fault occurs, the corresponding current transformers (CT) and potential transformers (PT) send fault current/voltage information to relays at the substation. Based on the current /voltage information and preset rules (a family of time-current tripping curves) the relays will then command the appropriate breakers to trip. Besides the difficulty of coordinating different protective devices in large systems, the saturation and hysteresis incurred in the CT response during a large surge in fault current is an other major challenge faced by the conventional fault detection method. We also face the problem of selectivity and proper coordination between the relays and circuit breakers in these systems. In recent years several new techniques like wavelet transform and statistical pattern recognition are also used to improve the fault detection. However, all these methods still cannot avoid the shortcomings associated with conventional CT's and the complicated time current coordination curves. Although recent developments like the Rogowski coil this can lower saturation to a minimum level, its current measuremnts require an integrator ,an active circuit that generally demands a stable dc supply and an elaborative shield to reduce electromagnetic interference.
Most of these limitations can be eliminated if the protection system -fault detection and clearing -is distributed along a feeder and a monitored parameter is voltage unbalance instead of current. Since the measurement is done at multiple points on a feeder, this method allows detection and location of a broken conductor with a high degree of reliability.
This paper presents a fiber optic based current and voltage measuring system for high voltage distribution lines. The introduction of fiber Bragg grating (FBG) sensors allow easy multiplexing of various fault signals in fault detection system. The convention system of fault detection is replaced by the optical fiber based fault detection method. The need for transmitters and receivers are eliminated in this system thereby making the above system economically feasible .This unique method not only works for both radial and loop systems with effective sensor coordination but also does not require any CTs and PTs.The core of this work is a new sensor with fiber optic technology specially developed for detection of high impedance faults caused by broken conductors in the transmissionline.PLC/SCADA technology is used in the substation to receive and transmit signals to trip the appropriate CB's when the fault occurs.
OPTICAL SENSING NETWORK
The proposed sensing network uses magnetostriction based fiber optics current sensors (FOCS) to transform magnetic field from a current into mechanical strain on a FBG. Particularly, giant magnetostrictive materials, such as Terefenol-D that has high sensitivity and fast response (<0.1ms) are considered. As these passive FOCSs do not require any power source and can modulate optical carriers directly; they afford rapid signal transmission. Since the FBG in each FOCS reflects power at a unique wavelength band, fault signals from various FOCSs can co-exist in a single strand of optical fiber cable that is, many sensors can be addressed by a single optical source and monitored by detectors through a single connection. Such a network is crucial to maintain the robustness and extreme reliability of the communication grid. Furthermore, optical networks are Prague, 8-11 June 2009 Paper 0100 CIRED2009 Session 3
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inherently immune to electromagnetic interference. They are superior to other wire line systems based on metallic cables, such as broadband over power line systems that have intractable EMI problems.
FIBER OPTICAL CURRENT SNESORS
For more than 2 decades, considerable research effort has focussed on FOCSs owing to their many advantages including immunity to EMI , high dynamic range and compact design , in comparison to those of conventional sensors, such as iron-core CTs. Similar to CTs , FOCS should be installed at overhead power lines or near substations where underground cables resurface. They are basic magnetic field sensors for detecting current surges and current direction associated with line faults. For successful interface with optical sensing network, these sensors must be able to convert electrical disturbances into distinctive optical signals for easy detection and have low implementation cost.
Fig 1
Although conventional current sensors can be retrofitted with optical fibers in a hybrid fashion [13] - [15] , such FOCSs will inherit the slow response of regular sensors and forsake the advantage of high-speed optics. Moreover, since these FOCSs require both conventional sensors and interfacing optics, their cost will be be staggering and construction will be complicated.
The original magnetostrictive-based FOCSs were fabricated by coating an ordinary bare fiber with a magnetostrictive jacket. They were cost effective and had more pronounced response than those of Faraday Effect based FOCSs [16] , [17] . The cost and complexity of installing a FOCS network can be further reduced by replacing the bare fiber in a FOCS by a FBG [16], [18] . It enables easier multiplexing of fault signals in a network of FOCSs. The FBG translates the strain variation induced by a transducer (a magnetostrictive material in this case) to a shift in the FBG resonant wavelength, known as Bragg wavelength which is manifested in the reflected power spectrum [7] . To measure wavelength shifts that result directly from changes in currents, a FBG sensing network must consist of a broadband light source continuously illuminating FOCSs, an array of photo detectors monitoring the reflection spectrum and a processor module recording the shifts in the peak reflectivity versus wavelength (Fig1) Fig2
Since the magnitude of H is proportional to line current amplitude, the FOCS will be useful in detecting the fault current in a power system. The capability of the FOCS can also be extended to current direction or phase sensing. For instance, phase information can be extracted if the FOCS is biased by a reference magnetic field [8] , such as a permanent magnet, which must be chosen to be bigger than the peak value of the current induced H field to avoid the H reversal during the negative current excursions. A FOCS for phase detection will be instrumental in locating fault at a networked system. Unlike the conventional CTs and other types of FOCS, the proposed sensors allow live wire installation and maintenance since they operate near the power line without touching or encircling the line. Fig3
Three FOCSs will be installed at each 3 phase power line location The horizontal line configuration shown in Fig. 3 will be used as an example in Section IV for the discussion of simulation results. This scheme can easily be applied to any type of pole structures and line configurations like vertical and triangular configurations. Essentially, H from each phase of the power line is monitored by a FOCS that is closest to that particular Phase. The effects of the other phase power lines to this FOCS are neglible. Besides compensating for thermal drift and ease in sensor multiplexing, they are compact Prague, 8-11 June 2009 Paper 0100 CIRED2009 Session 3
and light-weight as these sensors are composed of a FBG imprinted onto a fiber that is bonded to two metal rods.(2cm x 4mm x 4mm) At each sensor location, a FOCS monitors each line current and reflects input optical signal accordingly over a unique frequency range. The unique frequency of each FOCS is served as an indicator for a particular phase of the power line at each location. At the substation, a processor samples signals from remote FOCSs deployed to a 60-Hz sinusoidal power system at 108 kHz and extracts magnitude and phase angle of Hs at various locations. During normal current flow, each FOCS reflects low amount of optical power from the interrogating source. When a fault occurs, the corresponding current surge will trigger a sudden increase of the reflected power at a certain frequency band. Fig 4 
COMMUNICATION SYSTEM
In the substation, super luminescent light emitting diode (SLED) installed scans the whole sensing network. The reflected signals from FOCSs after passing through a typical fiber span of 1 to 10 km for a distribution system are fed back to a circulator which separates signals from outgoing broadband light with different ports. From the circulator the signals are passed to the star network of directional couplers .Inside the star network it will split and routed to all 16 FBGs mounted on a MONEL Each FBG will direct the signal at the matched frequency band to a particular photo detector for real time monitoring of any change in downstream line current at certain location through a directional coupler. The detection of codes is accomplished by digital signal processing board(DSP)based on the processor TMS320C50.This board is connected by means of a serial channel to a personal computer (PC) which is responsible for man -machine interface with the operator. Each code detected by the photdetector is sent to PC though a series channel. SCADA installed in the PC allows man machine interface and send appropriate signals to the CBs for tripping if the fault occurs in the particular region.. Whenever a high impedance fault occurs in the transmission line, the PC generates a trip signal for the circuit breaker of the feeder under fault. All the information related to the occurrence of a fault are presented in the screen. The opening of the fuses is also displayed on the screen. The required characteristics for a DSP board used in the substation are low cost, small dimensions and high processing capacity, The block diagram of the receiver located in the sub-station is shown in Fig. 5 . The receiver is based on a digital signal processing (DSP) board containing the processor TMS320C50.The basic circuit for the coupling stage with the feeder is shown in Fig.6 This stage, which is indicated in the diagrams of receiver and transmitter consists of the necessary components to accomplish the coupling of the carrier circuit with the energized conductors of the primary feeder. The capacitors indicated in this figure were designed for the 15 kV isolation class in order to isolate the communication circuit from the primary voltage (60 Hz). They use mica as dielectric material and offer an excellent thermal stability. At the carrier frequency (20 kHz) the insulation capacitor makes a resonant circuit with the inductor, and the carrier signal is coupled into the conductor. The coupling capacitors are the most expensive components of the proposed system (they cost about US$ 35,000 each), demanding careful attention in order to keep the total price of the system competitive. Prague, 8-11 June 2009 Paper 0100 CIRED2009 Session 3
CONCLUSION
A fiber-based sensing network is investigated. In the sensing network, magnetostrictive-based FOCSs with FBGs are passive and provide a fast and effective method for real-time monitoring of line currents various locations simultaneously For protection purpose, they can replace conventional PTs and CTs that are susceptible to saturation and hysteresis.The fiber-based sensing network enables the development of new fault detection and location schemes and flexible coordinating strategies among protective devices without relying on any timecurrent coordination curves. Simulation results show that these schemes performance superbly for both radial and networked power systems under various conditions including different types of pole structures and line configurations. For radial power systems, they usually require magnitude readings from sensors. For networked power system, these schemes need additional phase reading. By careful deployment of sensors, they can detect all faults irrespective of types and locations and are robust against fault impedances up to 100 , high harmonic contents in line currents, sensor vibration noise or sensor malfunctions. The centralization of control and information allow fast adaptation to feeder reconfiguration In terms of implementation cost, the proposed sensing network is especially attractive for high-voltage applications owing to the inherent immunity to EMI and reduced insulation requirements.
